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[57] ABSTRACT 
A grating is positioned on a surface acoustic wave de 
vice on a ?rst axis in-line with the delay line for substan 
tially reducing the amount of energy reflected on that 
axis to the transmitter and receiver. The grating site on 
the ?rst axis at a position between the delay line and one 
of the edges of the device. The grating is comprised of 
a parallel series of grating members each oriented so as 
to extend at a ?rst angle relative to the ?rst axis, the 
grating members being generally longitudinally ‘bi 
sected by that axis. An optimum value for the first angle 4 
is provided by a theoretical analysis, and experimental 
results are presented. On the experimental device, the 
grating is de?ned by a series of parallel grooves formed 
in the surface of the device; however, the grating may 
also be de?ned by a series of metallic strips mounted on 
the surface of the device. ' 

7 Claims, 4 Drawing Sheets 
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SURFACE ACOUSTIC WAVE SCATTERING 
GRATING 

The invention relates to a means for reducing the 
re?ected energy of surface acoustic waves, and more 
particularly, to a surface grating for scattering re?ected 
wave energy in a surface acoustic wave (SAW) ?lter. 
SAW devices are used primarily in ?lter and resona 

tor applications. A SAW ?lter consists of a piezoelec 
tric solid such as quartz, as well as a transmitter means 
and receiver means (together henceforth called a trans 
mission means) positioned on a surface of that solid. 
When activated by electric signals, the transmitter 
means creates acoustic waves which propagate simulta 
neously in opposite directions along a ?rst axis extend 
ing through the transmitter means. The waves that 
travel in one direction (along a path called the ‘delay 
line’) intersect the receiver means, whereas the waves 
'that travel in the opposite direction meet a ?rst edge of 
the solid and may be re?ected back toward the trans 
mitter means. The presence of such re?ected waves at 
the transmitter means is undesirable because of their 
interference with non-re?ected waves moving toward 
the receiver means. A similar effect is created at the 
receiver means by waves re?ected from a second edge 
of the solid. It is desirable to lessen the energy of such 
re?ected waves. 

Several schemes have been proposed for reducing the 
amount of energy re?ected in SAW devices. One com 
mon scheme involves the deposition of an inelastic vis 
cous energy absorber on the surface of the solid adja 
cent to the transmitter means and receiver means. An 
other scheme involves the production of a semicylindri 
cal face on the edges of the solid, whereby waves meet 
ing those edges are not re?ected by the edges but rather 
travel around it to the other side of the solid where they 
are absorbed. However, it is dif?cult to create arcuate 
edges because of the small thickness of the solid. A still 
further scheme involves the deposition of a resistive 
material on the surface of 'the device. Wave energy 
passing beneath the resistive material electrically cou 
ples into the resistive material, where it is dissipated. 
This last method is useful for dissipating the energy in 
strong piezoelectrics such as lithium niobate, where the 
electric component of wave energy is large. It is less 
useful for a weak piezoelectric such as quartz, where a 
large interaction distance would be required for a prac 
tical absorber. 

It has now been found that the amount of energy 
re?ected back to the delay line from the direction of an 
edge of the solid can be substantially reduced by form 
ing a ?rst grating in the solid surface at a position be 
tween that edge and the transmission means. The use of 
the grating provides several advantages over prior art 
acoustic absorbing techniques. The lack of an organic 
absorber material reduces the chances of outgassing 
contamination on the SAW surface, and results in more 
stable device performance. The gratings can be fabri 
cated using standard photolithographic techniques, 
unlike common application methods for other energy 
absorbing schemes. The present invention attempts to 
destroy re?ected wave coherence by coupling re?ected 
energy into bulk waves. Energy which is not coupled 
into bulk modes is re?ected from the grating and edges 
of the solid such that it is not subsequently sensed at the 
transmission means. 
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2 
The ?rst grating is comprised of a series of ?rst grat 

ing members extending parallel to each other and cross 
ing a ?rst axis that extends in-line with the delay line. 
Each of the ?rst grating members is positioned on the 
solid so as to be approximately longitudinally bisected 
by the ?rst axis. The longitudinal axis of each ?rst grat 
ing member is oriented at an angle relative to the ?rst 
axis such that a substantial amount of the energy in 
waves propagating along the ?rst axis toward the ?rst 
grating is prevented from being re?ected back toward 
the transmission means. 
The relationship between the velocity ‘V,-,,’ of the 

incident surface acoustic waves along the ?rst axis, the 
frequency ‘f’ of those waves, the spatial periodicity ‘d’ 
of the ?rst grating, the solid’s anisotropy parameter ‘7’, 
and the angle ‘9’ between the ?rst axis and a normal to 
the longitudinal axis of each ?rst grating member is 
approximated by the equation: 

Vin 
‘l 1 - ((sinzo) ' (1 - was 

This equation assumes that each ?rst grating member 
has a width of one-half of ‘d’, and 'has a separation dis 
tance from adjacent grating members of one-half of ‘d’. 
The grating members may be a series of grooves in the 
solid, or may be a series of ridges of aluminum or other 
metal deposited onto the surface of the solid. The depth 
of the grating member may be approximately one 
eighth of the wavelength of the surface acoustic waves 
along the ?rst axis. The width of the ?rst grating mea 
sured in a direction normal to the ?rst axis may be ap 
proximately twice as large as the width of the transmit 
ter means in that direction. The number of ?rst grating 
members may be at least approximately 0, and may be 
approximately 100. The surface on which the transmit 
ter means and receiver means are positioned may be 
generally rectangular, with the ?rst axis being generally 
parallel to the longer dimension. The pizoelectric solid 
may be quartz. 
The piezoelectric solid may also have a second grat 

ing positioned between the transmission means and the 
second edge. The second grating is comprised of a se 
ries of second grating members extending parallel to 
each other and crossing the ?rst axis. Each of the sec 
ond grating members is positioned on the solid so as to 
be approximately longitudinally bisected by the ?rst 
axis. The longitudinal axis of each second grating mem 
ber is oriented at an angle relative to the ?rst axis such 
that a substantial amount of the energy in waves propa 
gating along the ?rst axis toward the second grating is 
prevented from being re?ected back toward the trans 
mission means. The angle between the longitudinal axis 
ofeach second grating member and the ?rst axis may be 
equal to the angle between the longitudinal axis of each _ 
?rst grating member and the ?rst axis. 
The invention will now be more fully described by 

means of the accompanying drawings, in which: 
FIG. 1 is a schematic representation of the propaga 

tion of a surface acoustic wave on an anisotropic sub 
strate. 
FIG. 2 is a schematic plan view of a piezoelectric 

solid having'a transmitter means, a receiver means, and 
the ?rst and second gratings of the invention. 
, FIG. 3 illustrates the vectorsinvolved in the scatter 
ing vector relationship between a surface acoustic wave 
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moving along the ?rst axis and a wave re?ected from 
one of the grating members, and also illustrates the 
spacing between adjacent grating members. 
FIG. 4 is a partial cross-sectional view along the line 

IV-IV of the grating of FIG. 3, the grating being 
comprised of a series of grooves. 
FIG. 5 is an illustration of traces from a network 

analyzer of the amplitude and phase responses on the 
delay line when none of the gratings of the invention are 
present on the piezoelectric solid. 
FIG. 6 is an illustration'of traces from a network 

analyzer similar to FIG. 5 but showing the smoother 
responses obtained on the delay line when gratings are 
positioned on the solid on each side of the transmission 
means. 

With respect to FIG. 1, an input transducer 10 and an 
output transducer 11 are positioned on a crystalline 
solid generally designated 13 at an angle ‘ill’ with re 
spect to a crystalline axis. A series of pro?les generally 
designated 15 illustrate how the surface acoustic waves 
lose their uniform amplitude and phase as they travel 
away from the input transducer 10. The angle ‘4r is the 
power ?ow angle, which is measured relative to the axis 
connecting the input and output transducers. To avoid 
‘beam steering’ in practical SAW devices, the angle ‘ill’ 
is always chosen so that the power ?ow angle ‘dz’ is 
zero. However, there usually exists some unintentional 
misalignment which results in some beam steering. 
FIG. 2 illustrates a generally rectangular piezoelec 

tric solid 20 having an input transducer 21 and an output 
transducer 22. The surface acoustic waves travel along 
a ?rst axis 23 between the two transducers. The ?rst axis 
crosses a ?rst edge 24 and a second edge 25. of solid 20. 
Between the ?rst edge 24 and the input transducer 21 a 
grating 27 is positioned on the ?rst axis 23. Grating 27 is 
de?ned by a series of ?rst grooves which cross the ?rst 
axis and are generally longitudinally bisected by that 
axis. A similar grating 28 is comprised of a series of 
second grooves which cross the ?rst axis between the 
second edge 25 and the output transducer 22. 
The input transducer 21 and two most proximate 

grooves of the grating 27 are illustrated in FIG. 3. The 
grating has been found to be effective for wave scatter 
ing for a range of values of the angle ‘0’, excepting 
values close to zero degrees and 90 degrees and also 45 
degrees (at which angle, waves re?ected from the grat 
ing approach 'the edge of the solid at a generally normal 
angle and are then re?ected back to the grating and 
thence to the transmission means). The scattering has 
been found to be particularly effective at a value of ‘6’ 
derived from the following analysis. 
FIG. 3 is based on an analysis by R. C. Williamson in 

a chapter entitled ‘Re?ection Grating Filters’ at pages 
381 to 442 of the book ‘Surface Wave Filters: Design, 
Construction, and Use’, edited by H. Matthews (John 
Wiley & Sons, 1977). The spatial periodicity ‘d’ of the 
grating is chosen based on satisfying a scattering vector 
relationship that describes oblique re?ections in aniso 
tropic substrates. The input, output and grating vectors 
are designated as kin, km, and kg, where: 

The input and output vectors are associated with the 
incident and re?ected waves, respectively. The grating 
vector (kg) has a value (2.'rr.n)/d, where ‘n’ is an integer 
(equal to l for fundamental re?ection) and ‘d’ is the 
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4 
spatial periodicity of the grating. The direction of the 
grating vector is perpendicular to the grating members. 
M. G. Cohen in ‘Optical Study of Ultrasonic Diffrac 
tion and Focusing in Anisotropic Media’, Journal of 
Applied Physics, (1967) Vol. 38, pp. 3821-3828, has 
shown that for some substrate materials the velocity as 
a function of propagation angle for small angles is ap 
proximately related by the equation: 

~1 - (v) - (0)2. 

where "y’ is an anisotropy parameter that is characteris 
tic of the piezoelectric solid 20, ‘V1,,’ is the wave veloc 
ity along the ?rst axis, and ‘Vow’ is the wave velocity 
measured in a direction offset by the angle ‘i’ from the 
?rst axis. Experimental graphs of the variation of veloc 
ity with propagation angle can be found in A. J. Slobod 
nik, E. D. Conway, and R. T. Delmonico, ‘Microwave 
Acoustics Handbook, Vol. 1A, Surface Wave Veloci 
ties’, Air Force Cambridge Research Laboratories, 
October, 1973. 
The value of the vectors km, km‘, and kg can be used to 

determine a relationship between the frequency ‘t’ of 
the input acoustic wave, the velocity ‘Vin’ of that wave 
along the ?rst axis, the. spatial periodicity ‘d’ of the 
grating, the solid’s anisotropy parameter ‘y’, and the 
angle ‘0’ formed between the ?rst axis and the normal to 
the longitudinal axis of each grating member. From 
FIG. 3, it can be seen that the components of the three 
vectors can be equated in directions parallel and normal 
to the kg vector: 

(En) - cos0 + (lam) - cos¢ = (Kg): and 

(127,.) - sine = (F...) - sm 

Combining the three foregoing equations (with n: 1), 
the relation is derived that: 

Vin 
‘l 1 — (sir-2e) - (1 — 1W) ~(cos0) + l _ 702 

FIG.‘4 illustrates a preferred cross-section for the 
grooves of FIG. 3. A groove depth approximating one 
eighth of the wavelength of the incident wave was 
found to be effective. Normal to their longitudinal di 
rection, the grooves had equal width and separation 
distance approximating one-half of ‘d’, the spatial perio 
dicity of the grating. To prevent surface acoustic waves 
avoiding grating 27, the width of that grating measured 
in a direction normal to the ?rst axis 23 is made larger 
than the width of input transducer 21 in that direction. 
A width multiple of two has been found to be effective. 
The grating 28 in FIG. 2 is intended to prevent re?ec 

tion of the approximately 50% of the SAW energy from 
input transducer 21 which passes through output trans 
ducer 22. The effect of grating 28 on re?ected SAW 
energy is similar to that already described with respect 
to grating 27. 
A tested quartz SAW ?lter had a ?rst grating 27 

which extended from the input transducer 21 all the 
way to the ?rst edge 24, and had a second grating 28 
which extended from the output transducer 22 all the 
way to the second edge 25. The number of grooves in 
each grating was approximately 100, although it is be 
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lieved that as few as approximately 10 grooves in each 
grating may be suf?cient to substantially obtain the 
bene?t of 15, the invention. The SAW device was rect 
angular in shape, having a length of 8050 um. and a 
width of 1550 pm. The input transducer 21 and output 
transducer 22 were each 150 um. wide, and each 
groove had a length of 300 pm. In the tests, the fre 
quency ‘i’ was 435.2 MHz., Vi" wasvr3?l58 m./sec., the 
angle ‘0’ was 27.5 degrees, and the spatial periodicity of 
the grating was 4.26 pm. The value used for the anisot 
ropy parameter ‘7’ was —-0.l9 for propagation on ST 
cut quartz about the x-propagation direction. 
FIGS. 5 and 6 are illustrations of traces from a net 

work analyzer utilizing the quartz SAW ?lter with the 
aforementioned values. Calculations indicate that the 
grating should resonate at approximately 429 MHz. The 
traces of FIGS. 5 and 6 indicate the SAW response on 
the delay line without and with, respectively, the grat 
ings 27 and 28 on piezoelectric solid 20. Each of the 
?gures illustrates both the amplitude response and the 
phase response. The responses of FIG. 6 can be seen to 
be considerably smoother than those of FIG. 5, indicat 
ing a corresponding reduction in the amount of re 
?ected energy detected on the delay line when the 
grooves are present. The results indicate that the grat 
ings had suf?cient bandwidth to operate at the filter 
frequency of 435.2 MHz. 
Although the described embodiment has related to 

grooves fabricated in piezoelectric solid 20, it is antici 
pated that similar results would have been obtained by 
forming a series of parallel ridges on the surface of solid 
20 by the deposition of a metal such as aluminum. 
We claim: - 

1. A piezoelectric solid having a surface acoustic 
wave transmission means comprising a transmitter 
means and a receiver means positioned on a ?rst one of 
its surfaces, the direction of wave propagation between 
the transmitter means and the receiver means being 
along a ?rst axis, the ?rst axis intersecting a ?rst edge of 
the solid on one side of the transmission means and also 
intersecting a second edge of the solid on the other side 
of the transmission means, the solid having a ?rst grat 
ing positioned between the transmission means and the 
?rst edge, the ?rst grating being comprised of a series of 
?rst grating members extending parallel to each other 
and crossing the ?rst axis, each of the ?rst grating mem 
bers being positioned on the solid so as to be approxi 
mately longitudinally bisected by the ?rst axis, the lon 
gitudinal axis of each ?rst grating member being ori 
ented at an angle relative to the ?rst axis such that a 
substantial amount of the energy in waves propagating 
along the ?rst axis toward the ?rst grating is prevented 
from being re?ected back toward, the transmission 
means, the relationship between the velocity ‘V,-,,’ of the 
acoustic waves along the ?rst axis ‘d’ the frequency ‘fof 
those waves, the spatial periodicity ‘d’ of the ?rst graft 
ing, the solid’s anisotropy parameter ‘7’ and the angle 
‘0’ between the ?rst axis and a normal to the longitudi 
nal axis of each ?rst grating member is approximated by 
the following equation: 

"6 

Vin 
\l1 - ((sin20)- (1 - W2?) - 

2. A piezoelectric solid as in claim 1, wherein the 
width of each ?rst grating member and the separation 

’ distance between adjacent pairs of ?rst grating members 
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is approximately one-half of ‘d’. 
3. A piezoelectric solid as in claim 1, wherein the 

depth of each ?rst grating member is approximately 
one-eighth of the wavelength of the incident acoustic 
wave. 

4. A piezoelectric solid as in claim 1, wherein the 
solid also has a second grating positioned between the 
transmission means and the second edge, the second 
grating being comprised of a series of second grating 
members extending parallel to each other and crossing 
the ?rst axis, each of the second grating members being 
positioned on the solid so as to be approximately longi 
tudinally bisected by the ?rst axis, the angle between 
the longitudinally axis of each second grating member 
and the ?rst axis being equal to the angle between the 
longitudinal axis of each ?rst grating member and the 
?rst axis. 

5. A piezoelectric solid as in claim 4, therein the 
width of each of the ?rst and second grating members 
and the separation distance between adjacent pairs of 
the ?rst and second grating members is approximately 
one-half of ‘d’. 

6. A piezoelectric solid as in claim 4, wherein the 
depth of each ?rst grating member and each second 
grating member is approximately one-eighth of the 
wavelength of the incident acoustic wave. 

7. A piezoelectric solid having a ?rst surface on 
which are positioned a surface acoustic wave transmit 
ter means and a surface acoustic wave receiver means, 
the transmitter means and receiver means being posi 
tioned on a ?rst axis which also extends across a pair of 
edges of the solid, a ?rst one of the edges being on an 
opposite side of the transmitter means from the receiver 
means and the second edge being on an opposite side of 
the receiver means from the‘ transmitter means, a series 
of parallel linear ?rst grooves extending across the ?rst 
axis between the transmitter means and the ?rst edge, a 
series of parallel linear second grooves extending across 
the ?rst axis between the receiver means and the second 
edge, each ?rst groove and each second groove being 
generally longitudinally bisected by the ?rst axis, the 
relationship between the velocity ‘V,-,,’ of the acoustic 
waves along the ?rst axis, the frequency ‘f’ of the acous 
tic waves, the solid’s anisotropy parameter ‘)1’, the spa 
tial periodically ‘d’ of the ?rst grooves and the second 
grooves, and the angle ‘0’ between the ?rst axis and a 
normal to the longitudinal axis of each ?rst groove and 
each second groove being approximately de?ned by the 
equation: 

Vin 
1 _ ((sin20)' (1 — 102V) - 


